In recent years, the improvement of properties of natural fibre reinforced laminates over the pure polymeric matrix has been thoroughly investigated with the aim of providing a possible replacement of E-glass fibre reinforced composites for some large-volume applications. In the present study, the properties of a jute/polyester laminate are compared with those yielded by two Ε-glass fibre woven laminates. These are an Eglass/polypropylene commingled twill weave laminate In spite of this, the mechanical and impact properties of jute/polyester laminates as a whole proved promising.
INTRODUCTION
The use of natural fibres (e.g., straw, flax, hemp, banana and jute) as material reinforcement has aroused considerable interest in recent decades /1-4/. The most common concerns about the use of these fibres relate to their coupling with a polymeric matrix, which needs to be compatible with the cellulose contained in the fibres 151. A number of thermoplastic and thermoset matrices were used with this aim /6,7/. However, the best results so far were obtained with polyester and some phenolic resins /8-10/. Another issue widely investigated is the weathering behaviour of natural fibre reinforced composites, including the study of the influence of water sorption on the mechanical properties of the laminate /ll/. A number of fibre surface treatments, involving slivers bleaching e.g., with alkali (NaOH) or silane coating, are capable to reduce the sensitivity of these composites to weathering /12-14/.
Jute is among the best natural fibres in terms of tensile strength and flexural properties, due to its longer continuous length. In addition, jute fibres are versatile, since they can be combined with different polymeric resins (e.g., phenolic, polyester, epoxy). Jute reinforced laminates are currently used e.g., to produce wood replacement panels, insulators and automotive components /15/. Both these materials have the same fibre content as the jute fibre reinforced composite (60±1.5% wt.).
Details about the woven laminates geometry are presented in Table 1 .
Mechanical tests
A number of mechanical tests have been carried out on the two materials at room temperature using an
Instron 1195 machine fitted with a 50 kN load cell. A displacement control mode has been used throughout.
The experimental set-up is described in In short beam shear tests 1261, where span-tothickness ratio is not less than 5, so to have interlaminar shear failure, the value of the apparent interlaminar shear strength is obtained from the value of maximum load attained during the test, using the formula:
where F mm is the maximum load b is the specimen width Impact testing set-up is described in Table 3 .
Void content measurements
To measure void content, a method based on optical 
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Water absorption tests
Water absorption tests were also carried out on jute fibre reinforced composites, according to ASTM D570- 
The tests involved 14 days of water immersion at
RESULTS AND DISCUSSION
Mechanical and impact properties
Mechanical and impact results on the materials are summarised in Table 4 . As expected, the mechanical However, the material does not undergo penetration until a wide amount of matrix cracking takes place and drives the fibre to be torn off; this happens at a much higher energy (around 25 N: see Table 3 ). This shows that this material has a good damage tolerance, even after damage initiation. From the visual observation of impact, the impacted area is not easily distinguishable, unless the impact energy is very close to penetration.
However, fibre bundles appear very clearly bent and loose in the impacted region: in addition, the impactdamaged area seems preferentially follow the direction of fibre bundles (see Fig.3 , showing the effect of an impact at 15 Joules on the surface of a 3 mm. thick specimen).
Mechanical and Impact Properties of Untreated Jute Fabric Reinforced Polyester Laminates
A recent study on post-impact damage /30/ on jute fibre reinforced laminates pointed out that their interlaminar adhesion is sufficient to yield an impact damage pattern typical of stronger composites, often referred to as reversed-pine tree pattern /31 /. The jute reinforced composite also yields an interlaminar shear strength which is inferior to that shown by the E-glass fibre commingled laminate, but its average value is quite promising, around 13 MPa (Fig.4) . Another recent study on interlaminar shear strength of untreated jute reinforced composite (45% vol.), also measured using the short beam shear test, supplied similar results /32/. Table 6 ). (Fig.7) , but also matrix pores, not exceeding a diameter of a few μιη (Fig.8) .
Microstructural void content
The presence of air trapping, most likely causing these ι 1 100 μ m Ε-glass roving also shows a quite significant percentage of voids to be attributed to the hand lay-up process. In this laminate, the voids are present throughout the structure, particularly in and around the fibre bundles and as matrix pores, as can be observed in 
